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[Title of the Invention] EXPOSURE APPARATUS AND METHOD 

FOR MANUFACTURING SEMICONDUCTOR DEVICE USING THE SAME 
[ Claims ] 

[Claim 1] An exposure apparatus for transmitting a 
pattern exposed onto a substrate, comprising: 

detecting means for indirectly detecting a light 
intensity on said substrate by splitting the exposure light; 

memory means for storing information on changes caused 
through an exposure history of transmittance of optical 
units provided between the unit splitting said exposure 
light and said substrate; and 

controlling means for controlling the exposure level on 
said substrate by computing a compensation value from the 
information stored in the latest exposure history and in the 
memory means, for correcting a detected result of said 
detecting means, and by correcting the detected result 
according to said compensation value. 

[Claim 2] An exposure apparatus according to Claim 1, 
wherein said exposure history includes a time consumed in 
applying said exposure light. 

[Claim 3] An exposure apparatus according to Claim 1, 
wherein said exposure history includes a time elapsed after 
the application of said exposure light is suspended. 

[Claim 4] An exposure apparatus according to one of 
Claims 1 to 3, wherein said exposure light includes excimer 
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laser light . 

[Claim 5] An exposure apparatus for transmitting a 
pattern exposed onto a substrate, comprising: 

detecting means for indirectly detecting a light 
intensity on said substrate by splitting the exposure light; 

memory means for storing information on changes caused 
by an environmental change of transmittance of optical units 
provided between the unit splitting said exposure light and 
said substrate; and 

controlling means for controlling the exposure level on 
said substrate, by computing a compensation value from the 
information stored in the latest exposure history and in 
said memory means, for correcting a detected result of said 
detecting means, and by correcting the detected result 
according to said compensation value. 

[Claim 6] An exposure apparatus according to Claim 5, 
wherein said environmental change includes a change in 
humidity. 

[Claim 7] An exposure apparatus according to Claim 5, 
wherein said environmental change includes a change in 
temperature . 

[Claim 8] An exposure apparatus according to one of 
Claims 5 to 7 , wherein said exposure light includes excimer 
laser light . 

[Claim 9] A method for manufacturing a semiconductor 
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device, comprising the steps of: 

transmitting a pattern exposed onto a substrate by an 
exposure apparatus according to one of Claims 1 to 8; and 

developing said substrate. 
[Detailed Description of the Invention] 

[0001] 

[Industrial Field of the Invention] 

The present invention relates to exposure apparatuses 
and a method for manufacturing semiconductor devices by 
using the exposure apparatuses. More specifically, the 
present invention relates to a method for manufacturing a 
semiconductor device, such as an IC, or LSI, in which a 
proper amount of exposure light is constantly applied to a 
wafer for obtaining a high precision projected pattern image 
in a projection of an electric circuit pattern formed on a 
reticle onto the wafer through an optical projection system 
(projection lenses) . 
[0002] 

[Description of the Related Art] 

Hitherto, projection exposure apparatuses have been 
widely used for manufacturing semiconductor devices , such as 
ICs and LSIs, whereby high resolution and high throughput 
are relatively easily obtainable. In the projection 
exposure apparatuses, a step-and-repeat exposure method is 
widely applied rather than a full wafer exposure method. In 



the step -and- repeat exposure method, the wafer is moved, 
after a region thereof is exposed once, for another region 
to be exposed, the process being repeated to complete 
pattern formation over the entire region of the wafer, while, 
in the full wafer exposure method, the pattern formation 
over the entire region of the wafer is performed by exposing 
the wafer once. 
[0003] 

The optical projection system above projects the 
electric circuit pattern formed on the reticle on the wafer 
while demagnifying by a predetermined projection 
magnification factor of, for example, 1/5 or 1/10. The 
image quality of the pattern transmitted onto the wafer is 
substantially affected by the performance of an illumination 
apparatus, for example, the amount of irradiation (the 
amount of exposure) on the irradiated surface, fluctuations 
thereof, etc. 
[0004] 

The applicant of the present application proposes a 
light -intensity controlling apparatus particularly suitable 
for an exposure apparatus for manufacturing semiconductor 
devices, in which the amount of irradiation on an irradiated 
surface is controlled to be a predetermined value. The 
light -intensity controlling apparatus is disclosed in, for 
example, Japanese Patent Laid-Open No. 62-187815, Japanese 
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Patent Laid-Open No. 63-193130, and Japanese Patent Laid- 
Open No. 4-48714. 
[0005] 

In Japanese Patent Laid-Open No. 4-48714 in particular, 
an exposure apparatus is proposed in which an incident light 
flux in the light path between a light source and an 
irradiated surface is amplitude - split , one split light flux 
being applied onto a surface to be irradiated (a reticle), 
the other split light flux being led through a half mirror 
(an optical splitting unit) to an optical detecting unit for 
detecting the split light to control the amount of 
irradiation on the irradiated surface, that is, the amount 
of exposure of a wafer face. 

[0006] 

[Problems to be Solved by the Invention] 

The above -described method is based on the fact that 
the ratio of the incident light intensity received by the 
optical detecting unit to the amount of exposure on the 
wafer is constant. In the method, a light splitting unit is 
disposed in the light path between the light source and the 
irradiated surface, one of the light fluxes split by the 
light splitting unit is directed to the irradiated surface, 
the other light flux is directed to the optical detecting 
unit, and the amount of exposure of the wafer is controlled 
by utilizing signals generated from the optical detecting 
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unit . 

[0007] 

It is difficult to apply the proper amount of exposure 
to the wafer by using the signals from the optical detecting 
unit, in which transmittance of optical elements varies, 
with a time lapse, with the absorption of the exposure light 
by each optical element in the light path from the light 
splitting unit to the wafer, and it varies with the change 
in the environment (humidity, temperature, etc.). 

[0008] 

Accordingly, an object of the present invention is to 
provide an exposure apparatus and a method for manufacturing 
semiconductor devices using the exposure apparatus, in which 
the amount of exposure onto a wafer face can be properly 
controlled when transmittance of optical elements in a light 
path from a light splitting unit to the wafer varies, or 
when the transmittance varies with environmental changes. 
[0009] 

[Means for Solving the Problems] 

(1-1) An exposure apparatus for transmitting a pattern 
exposed onto a substrate, according to a first aspect of the 
invention, comprises a detector for indirectly detecting a 
light intensity on the substrate by splitting the exposure 
light; a memory unit for storing information on changes 
caused through an exposure history of transmittance of 



optical units provided between the unit splitting the 
exposure light and the substrate; and a controlling unit for 
controlling the exposure level on the substrate, by 
computing a compensation value from the information stored 
in the latest exposure history and in the memory unit, for 
correcting a detected result of the detector, and by 
correcting the detected result according to the compensation 
value . 

(1-1-1) The exposure history according to the first 
aspect of the invention may include a time consumed in 
applying the exposure light . 

(1-1-2) The exposure history according to the first 
aspect of the invention may include a time lapse after the 
application of the exposure light is suspended. 

(1-1-3) The exposure light according to the first 
aspect of the invention may be a light, such as excimer 
laser light . 

[0010] 

(2-1) An exposure apparatus for transmitting a pattern 
exposed onto a substrate according to a second aspect of the 
invention, comprises a detector for indirectly detecting a 
light intensity on the substrate by splitting the exposure 
light; a memory unit for storing information on changes 
caused by an environmental change of transmittance of 
optical units provided between the unit splitting the 
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exposure light and the substrate; and a controlling unit for 
controlling the exposure level on the substrate by computing 
a compensation value from the information stored in the 
latest exposure history and in the memory unit, for 
correcting a detected result of the detector, and by 
correcting the detected result according to the compensation 
value . 

(2-1-1) The environmental change according to the 
second aspect of the invention may be a change in humidity. 

(2-1-2) The environmental change according to the 
second aspect of the invention may be a change in 
temperature . 

(2-1-3) The exposure light according to the second 
aspect of the invention may be a light, such as excimer 
laser light . 

[0011] 

(3-1) A method for manufacturing a semiconductor 
device, according to a third aspect of the present invention, 
comprises the steps of transmitting a pattern exposed onto a 
substrate by an exposure apparatus according to the present 
invention; and developing the substrate. 

[0012] 

[Description of the Embodiments] 

Fig. 1 is a schematic diagram of a critical portion 
according to a first embodiment of the present invention. 
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[0013] 

Numeral 2 In Fig. 1 represents an elliptical reflector. 
A light -generating tube 1 which is a light source includes a 
high -luminance light-generating unit la for emitting ultra- 
violet rays, far ultra-violet rays, etc. The light- 
generating unit la is disposed in the vicinity of a first 
focal point of the elliptical reflector 2. A cold mirror 3 
including multi-layer films substantially transmits infra- 
red rays and substantially reflects ultra-violet rays. The 
elliptical reflector 2 provides an image lb of the light - 
generating unit la (an image of the light source) in the 
vicinity of a second focal point through the cold mirror 3. 
A shutter 4 is disposed in the vicinity of the second focal 
point of the elliptical reflector 2. 

[0014] 

An optical system 5 transmits the image lb of the light 
generating unit formed in the vicinity of the second focal 
point onto an incident surface 6a of an optical integrator 6 . 
The optical integrator 6 includes a plurality of micro- 
lenses 6-i (i=l to N) being two-dimensionally disposed at a 
predetermined pitch. Secondary light sources are provided 
in the vicinity of an exit surface 6b of the optical 
integrator 6 . 

[0015] 

Numeral 7 represents a condenser lens. A plurality of 
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light fluxes emitted from the secondary light source in the 
vicinity of the exit surface 6b of the optical integrator 6 
are condensed by the condenser lens 7, some of the light 
fluxes being reflected by a half mirror 8, which are 
directed toward a masking blade 10 to evenly illuminate the 
surface of the masking blade 10. The masking blade 10 
includes a plurality of movable light -shielding blades, in 
which an aperture of a given shape is formed. 
[0016] 

An integrating light intensity detector 9 detects the 
light fluxes passing through the half mirror 8, and it 
indirectly detects the amount of exposure on a wafer 14 
which is described below. An imaging lens 11 transmits the 
aperture figure of the masking blade 10 to a reticle 12 
which is an irradiated surface to evenly irradiate a desired 
region of the reticle 12. 

[0017] 

An optical projection system 13 projects, in a reduced 
magnification, a circuit pattern formed on the reticle 12 to 
the wafer 14 (a substrate) provided on a wafer chuck 15. 
Numeral 16 represents a wafer stage. 

[0018] 

An exposure -level detector 17 is disposed so that the 
incident surface thereof is substantially flush with the 
wafer 14. The exposure -level detector 17 detects the entire 
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light flux applied on the masking blade 10, with the area of 
the masking blade 10 reduced to that of wafer 14 being set 
to a 10-mm square, thereby detecting actual irradiation on 
the wafer 14, which is the exposure level on the wafer 14. 
[0019] 

A computing unit 19 includes a memory unit which stores 
information, such as information on changes in transmittance 
caused by the exposure history of the optical elements 
disposed in the light path from the light splitting unit 8 
to the wafer 14, and the information on the changes in 
transmittance caused by environmental changes. The 
computing unit 19 determines the exposure level on the wafer 
14 in accordance with the signals from the integrating light 
intensity detector 9 and the information on the changes in 
transmittance stored in the memory unit. The computing unit 
19 controls the opening-and-closing of the shutter 4, 
thereby controlling the exposure level on the wafer 14. 

[0020] 

The computing unit 19 determines the exposure level on 
the wafer 14 also by using a measurement result of the 
amount of irradiation measured by the integrating light 
intensity detector before a pattern transmission, and a 
measurement result given by the exposure level detector 17. 

[0021] 

According to the embodiment, the pattern formed on the 



- 12 - 



reticle 12 is transmitted to the wafer by properly setting 
the exposure level on the wafer 14, as described above. 
Thereafter, a semiconductor device is manufactured through a 
predetermined developing process. 
[0022] 

Following is a description of a method for controlling 
the exposure level on the wafer 14 by the computing unit 19 
according to the embodiment . 

[0023] 

An experiment gave a parameter of the changes in the 
transmittance between the light splitting unit 8 and the 
wafer, which are caused through the exposure history. 

[0024] 

Figs. 2 to 4 are graphs showing changes, with time t on 
horizontal axes, of the ratio of an irradiation I 1 measured 
by the integrating light intensity detector 9 during 
exposure and non-exposure, to an actual irradiation I 2 on the 
wafer 14. The ratio (a compensation value) is represented 
by (J) (=Ix/I 2 ) . 

[0025] 

In Fig. 2, ratio <|> of the first exposure (at time t=t 0 ) 
is 1. The ratio is, hereinafter, referred to as an exposure 
compensation value. 

[0026] 

In Fig. 2, intervals A, C, and E show changes of the 
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exposure compensation value <|> during exposures, and 
intervals B and D show changes of the exposure compensation 
value <|> during non-exposure. 
[0027] 

Exposure compensation value ^ at time t=t K in interval 
A, in which the exposure starts at time t=t 0 , is expressed by 
the following expression. 

= f x (t K - t 0 , e A , e B , (|> 0 ) ... (1) 

[0028] 

Symbol e A represents the amount of light incident on the 
imaging lens 11 in a unit time, symbol e B represents the 
amount of light incident on an optical projection system B 
in unit time, and symbol <|> 0 represents the exposure 
compensation value immediately before the exposure starts. 
In this case, the exposure compensation value <j> 0 is 1. With 
the light intensities e A and e B depending on the reflected 
light from the light splitting unit 8, the aperture area S m 
of the masking blade 10, and the average transmittance R r of 
the reticle 12, the expression (1) is reduced to the 
following expression. 

= f 2 (t K - t 0 , I 1# S m , R r , (|> 0 ) ... (2) 

[0029] 

The computing unit 19, with an input of or by 
automatically reading the aperture area S m of the masking 
blade 10 and the average transmittance R r , when starting the 
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exposure, computes exposure compensation value c|) which 
momentarily varies, thereby controlling the exact level of 
exposure in accordance with the exposure compensation value 

[0030] 

When the exposure is suspended at time t=t x and it is 
restarted at time t=t 2 , the exposure compensation value $ ± at 
time t=t x is computed by expression ^ = f 2 (t x - t 0 , I 1# S m , R r , 
<|) 0 ), and the exposure compensation value ty 2 at time t=t 2 is 
computed by expression <J> 2 = f 3 (t 2 - t 10 . Exposure 
compensation value <t> a at time tj after the exposure started 
is computed by expression <j) a = f 2 (t a - t 2 , l lr S m , R r , (|> 2 ) . 
The exposure compensation value at any time can always be 
computed with the latest exposure history (exposure time and 
non-exposure time) obtained by storing information on the 
immediately preceding exposure compensation value and the 
time lapse. Functions f 2 and f 3 have been obtained from an 
experiment . 
[0031] 

According to the present embodiment, the change of the 
exposure compensation value <|> is momentarily computed, 
thereby controlling the exposure level at each shot of the 
exposure. The exposure compensation value c|> may be computed 
by each wafer which receives one shot or a plurality of 
shots of exposure, because the time elapsed in one shot of 
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the exposure is very short and the exposure compensation 
value scarcely changes . 
[0032] 

Fig. 3 is a graph showing exposure compensation values 
by computing an exposure compensation value (|> at each shot 
of exposure. Changes of the exposure compensation value 
between each shot of the exposure are shown by dotted lines , 
a first shot of the exposure being performed in time t 0 to t 1# 
a second shot of the exposure in time t 2 to t 3 , and a third 
shot of the exposure in time t 4 to t 5 . 

[0033] 

In the present embodiment, exposure compensation values 
<|) 1# (|> 2/ and <|>3 are used, being fixed in each of the first, the 
second, and the third shots of the exposure, respectively. 
The computation of each exposure compensation value (fo, <|) 2 , 
$ 3 ...) is the same as in the first embodiment. 

[0034] 

Fig. 4 is a graph showing exposure compensation values, 
each exposure compensation value being computed for a wafer 
for exposure on each wafer. The exposure on a first wafer 
is performed in time t 0 to t 1# and the exposure on a second 
wafer is performed from time t 2 . The exposure of each wafer 
includes multiple shots of the exposure. 

[0035] 

According to the present embodiment , the exposure 
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compensation value is fixed in the exposure on each wafer. 
The exposure compensation value $ x may be computed based on 
the exposure compensation values momentarily computed from 
the repeated exposures and non-exposures in one set of 
exposure on a wafer, or the exposure compensation value ^ 
may be computed based on an average incident light intensity 
considering multiple shots of exposure as one exposure on 
the wafer, as the time elapsed in each shot is very short. 
[0036] 

When transmittance varies with environmental changes , 
an additional compensation is preferably applied, which is 
computed from a result of monitoring the environmental 
changes by a sensor which is not shown. 

[0037] 

Fig. 5 is a schematic diagram of a critical portion 
according to a second embodiment of the present invention. 
[0038] 

According to the second embodiment, a light source, 
such as a KrF excimer laser, for generating pulsed light is 
applied, which is different from the light source applied in 
the first embodiment. The other arrangements are the same 
as in the first embodiment. 

[0039] 

As the exposures and non-exposures are repeated in a 
shot of exposure, the concept of the above -described average 
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incident light intensity is applied to the present 
embodiment . 
[0040] 

An exposure compensation value may be computed by 
calibrating the exposure level on the wafer at each shot of 
exposure, by each wafer, or by each wafer lot with the 
exposure level detector 17, while the exposure compensation 
value is, according to the present embodiments, computed by 
using the exposure history. 

[0041] 

The calibration may be performed in every certain 
period for correcting the error between the computed 
exposure compensation value and the actual exposure value. 
[0042] 
[Advantage] 

According to the present invention, the exposure level 
on wafers can be properly controlled, as described above, in 
spite of transmittance of optical elements in the light path 
from the light splitting unit to the wafer changing with a 
time lapse, or with environmental changes (humidity, 
temperature, etc. ) . 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a schematic diagram of a critical portion 
according to a first embodiment of the present invention. 
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[Fig. 2] 

Fig. 2 is a graph showing exposure compensation values 
according to the first embodiment of the present invention. 
[Fig. 3] 

Fig. 3 is a graph showing the exposure compensation 
values according to the first embodiment of the present 
invention. 
[Fig. 4] 

Fig. 4 is a graph showing the exposure compensation 
values according to the first embodiment of the present 
invention. 
[Fig. 5] 

Fig. 5 is a schematic diagram of a critical portion 
according to a second embodiment of the present invention . 
[Reference Numerals] 

1 and 20: light source 



2: 


elliptical reflector 


3: 


cold mirror 


4: 


shutter 


5: 


optical system 


6: 


optical integrator 


7: 


condenser lens 


8: 


light splitting unit 


9: 


integrating light intensity detector 


10: 


masking blade 
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11: imaging lens 

12: reticle 

13: optical projection system 

14: wafer 

17: exposure level detector 

19: computing unit 
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